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Chapter 2- 


Electrostatic Potential and Capacitance 


Multiple Choice Questions I 


2.1. A capacitor of 4uF is connected as shown in the circuit. The internal resistance of the battery is 0.5Q. 
The amount of charge on the capacitor plates will be 


4uF 


100 


a) 0 

b) 4nC 

c) 16nC 

d) 8uC 

Answer: 

The correct answer is d) 8uC 


2.2. A positively charged particle is released from rest in an uniform electric field. The electric potential 
energy of the charge 

a) remains a constant because the electric field is uniform 

b) increases because the charge moves along the electric field 

c) decreases because the charge moves along the electric field 

d) decreases because the charge moves opposite to the electric field 

Answer: 

The correct answer is c) decreases because the charge moves along the electric field 


2.3. Figure shows some equipotential lines distributed in space. A charged object is moved from point A to 
point B. 
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a) the work done in fig (i) is the greatest 

b) the work done in fig (ii) is least 

c) the work done is the same in fig (i), fig (ii), and fig (iii) 

d) the work done in fig (iii) is greater than fig (ii) but equal to that in fig (i) 
Answer: 

The correct answer is c) the work done is the same in fig (1), fig (11), and fig (111) 


2.4. The electrostatic potential on the surface of a charged conducting sphere is 100V. Two statements are 
made in this regard: 

Si: At any point inside the sphere, electric intensity is zero 

S2: At any point inside the sphere, the electrostatic potential is 100V 
Which of the following is a correct statement? 

a) S; is true but S2 is false 

b) Both S; and S: are false 

c) S; is true, S2 is also true, and S; is the cause of S2 

d) Si is true, S2 is also true but the statements are independent 
Answer: 

The correct answer is c) S; 1s true, S2 1s also true, and S; 1s the cause of S> 


2.5. Equipotential at a great distance from a collection of charges whose total sum is not zero are 
approximately 

a) spheres 

b) planes 

c) paraboloids 

d) ellipsoids 

Answer: 

The correct answer is a) spheres 


2.6. A parallel plate capacitor is made of two dielectric blocks in series. One of the blocks has thickness d; 
and dielectric constant k; and the other has thickness d2 and dielectric constant k2 as shown in the figure. 


This arrangement can be thought as a dielectric slab of thickness d = d; + d2 and effective dielectric 
constant k. The k is 


a) kid + K2d2/dit+d2 

b) kid + k2do/k; + kp 

C) kik2 (di + d2)/(kKidi + k2d2) 

d) 2kik2/k; + k2 

Answer: 

The correct answer is c) ki kz (dy + d2)/(kidi + kod2) 


Multiple Choice Questions Ii 


2.7. Consider a uniform electric field in the ~ direction. The potential is a constant 
a) in all space 

b) for any x for a given z 

c) for any y fora given z 

d) on the x-y plane for a given-z 

Answer: 

The correct answer is 

b) for any x for a given z 

c) for any y for a given z 

d) on the x-y plane for a given z 


2.8. Equipotential surfaces 

a) are closer in regions of large electric fields compared to regions of lower electric fields 
b) will be more crowded near sharp edges of a conductor 

c) will be more crowded near regions of large charge densities 

d) will always be equally spaced 


Answer: 

The correct answer is 

a) are closer in regions of large electric fields compared to regions of lower electric fields 
b) will be more crowded near sharp edges of a conductor 

c) will be more crowded near regions of large charge densities 


2.9. The work done to move a charge along an equipotential from A to B 
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a) cannot be defined as 


b) must be defined as 

c) is zero 

d) can have a non-zero value 
Answer: 

The correct answer is 
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2.10. In a region of constant potential 

a) the electric field is uniform 

b) the electric field is zero 

c) there can be no charge inside the region 

d) the electric field shall necessarily change if a charge is placed outside the region 
Answer: 

The correct answer is 

b) the electric field1s zero 

c) there can be no charge.inside-the- region 


b) must be defined as 
c) is zero 


2.11. In the circuit shown in figure, initially key K, is closed and K; is open. Then K, is opened and K; is 
closed. Then 


a) charge on C; gets redistributed such that V; = V2 

b) charge on C; gets redistributed such that Q;’ = Q)’ 

c) charge on C;, gets redistributed such that CiV; + C2V2 = CiE 
d) charge on C;, gets redistributed such that Q;’ + Q.’ =Q 
Answer: 

The correct answer 1s 

a) charge on C; gets redistributed such that V; = V2 

d) charge on C; gets redistributed such that Q;’ + Qo’ =Q 


2.12. If a conductor has a potential V # 0 and there are no charges anywhere else outside, then 
a) there must be charges-on-the surface or-inside itself 

b) there cannot be any charge in-the body of the conductor 

c) there must be charges only on the surface 

d) there must be charges inside the surface 

Answer: 

The correct answer is 

a) there must be charges on the surface or inside itself 

b) there cannot be any charge in the body of the conductor 


2.13. A parallel plate capacitor is connected to a battery as shown in the figure. Consider two situations: 
A: Key K is kept closed and plates of capacitors are moved apart using insulating handle 
B: Key K is opened and plates of capacitors are moved apart using insulating handle 


Choose the correct options 


a) In A: Q remains same but C changes 

b) In B: V remains same but C changes 

c) In A: V remains same and hence Q changes 
d) In B: Q remains same and hence V changes 
Answer: 

The correct answer is 

c) In A: V remains same and hence Q changes 
d) In B: Q remains-same-and-hence-V-changes 


Very Short Answers 


2.14. Consider two conducting spheres of radii Ri and R2 with Ri > R2. If the two are at the same potential, 
the larger sphere has more charge than the smaller sphere. State whether the charge density of the smaller 
sphere is more or less than that of the larger one. 

Answer: 

There are two spheres 
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Oo i/ 02 —- R>/ R, 
As Ro > R41, that means 0; > o2 
Therefore, the charge density of the smaller sphere is more than that of the larger sphere. 


2.15. Do free electrons travel to region of higher potential or lower potential? 

Answer: 

The force on the charge particle in electric field is F = qE 

The direction of electric field and the direction of electrostatic force experienced by the free electrons are in 
opposite directions 

The direction of electric field is higher than the potential and therefore, the electrons travel from a lower potential 
region to higher potential. 


2.16. Can there be a potential difference between two adjacent conductors carrying the same charge? 
Answer: 
Yes, there can be a potential difference between two adjacent conductors carrying same charge. 


2.17. Can the potential function have a maximum or minimum in free space? 

Answer: 

No, potential function cannot be maximum or minimum in free space as the absence of atmosphere around the 
conductor prevents the electric discharge. 


2.18. A test charge q is made to move in the electric field of a point charge Q along two different closed 
paths. First path has sections along and perpendicular to lines of electric field, second path is a rectangular 
loop of the same area as the first loop. How does the work done compare in the two cases? 

Answer: 


Work done is zero in both the cases. The work done by the electric force on the charge is in the closed loop which 
is equal to zero. 


Short Answers 


2.19. Prove that a closed equipotential surface with no charge within itself must enclose an equipotential 
volume. 

Answer: 

In a closed equipotential surface, the potential changes from position to position. 

The potential inside the surface is different from the potential gradient caused in the surface that 1s dV/dr 

This also means that electric field 1s not equal to zero and it is given as E = -dV/dr 

Therefore, it could be said that the field lines are either pointing inwards or outwards the surface. 

So, it can be said that the field lines originate from the charges inside which contradicts the original assumption. 
Therefore, the volume inside the surface must be equipotential. 


2.20. A capacitor has some dielectric between its plates, and the capacitor is connected to a DC source. The 
battery is now disconnected and then the dielectric is removed. State whether the capacitance, the energy 
stored in it, electric field, charge stored, and the voltage will increase, decrease, or remain constant. 
Answer: 


Quantity Battery is removed Battery remains connected 


Capacity 
Charge 


Intensity 
Energ 


Potential 


2.21. Prove that, if an insulated, uncharged conductor is placed near a charged conductor and no other 
conductors are present, the uncharged body must be intermediate in potential between that of the charged 
body and that of infinity. 

Answer: 

The electric potential decreasing along the direction of electric field 1s given as: E = dV/dr 

The electric potential decreases when the path from the charged conductor is taken to the uncharged conductor 
along the direction of electric field. 

This continues when another uncharged conductor is consider to the infinity lowering the potential even further. 
This shows that the uncharged body is at intermediate potential and the charged body 1s at infinity potential. 


2.22. Calculate potential energy of a point charge —q placed along the axis due to charge +Q uniformly 
distributed along a ring of radius R. Sketch PE as a function of axial distance z from the centre of the ring. 
Looking at graph, can you see what would happen if —q is displaced slightly from the centre of the ring? 
Answer: 
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U 1s the potential energy of a point charge q which is placed at potential V, U=qV 
A negative charged particle is placed at the axis of the ring with charge Q 

Let a be the radius of the ring 

The electric potential at the axial distance.1s given.as 
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The potential energy, U is given as 
. | Me 
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When z = infinity, U = 0. 


When z = 0, U is given as 
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2.23. Calculate potential on the axis of a ring due to charge Q uniformly distributed along the ring of radius 
R. 
Answer: 
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Point P is considered to be at a distance z from the centre of the ring. The charge dq is at a distance z from the 
point P. 
V is written as 
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Therefore, the net potential is given as 


Long Answers 


2.24. Find the equation of the equipotential for an infinite cylinder of radius ro, carrying charge of linear 
density i. 
Answer: 
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The equation of the equipotential for an infinite cylinder of radius ro with linear charge density A is given as: 
t= roe 27€0/ A | V(r) — V(t0)] 


2.25. Two point charges of magnitude +q and —q are placed at (-d/2, 0, 0) and (d/2, 0, 0) respectively. Find 
the equation of the equipotential surface where the potential is zero. 
Answer: 
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The potential at point P due to charges 1s given as 
= 1/4m€ 9 g/t) + 1/4 m0 (-q)/r2 

The net electric potential at this point is zero, 

Therefore, r, = r2 

We know that 


(a + d/2)* + h? 
(x a d/2)4 + he 


Solving the two equations, we the required equation in plane x = 0 that is y-z plane. 


2.26. A parallel plate capacitor is filled by a dielectric whose relative permittivity varies with the applied 
voltage (U) as = aU where o = 2V". A similar capacitor with no dielectric is charged to Uy = 78 V. It is 
then connected to the uncharged capacitor with the dielectric. Find the final voltage on the capacitors. 
Answer: 

Since the capacitors are connected in parallel, the potential difference across the capacitors is same. The final 
voltage is assumed to be U. C is the capacitance of the capacitor without dielectric, then the charge is given as Q; 
= CU 

The initial charge is given as 


Qo = CUo 
The conversion of charges is 
Qo = Qi + Qo 


CUp = CU + aCU2 


aU, + U— Up = 0 
Solving the equation, we get U = 6V 


2.27. A capacitor is made of two circular plates of radius R each, separated by a distance d << R. The 
capacitor is connected to a constant voltage. A thin conducting disc of radius r << R and thickness t < <r is 
placed at a centre of the bottom plate. Find the minimum voltage required to lift the disc if the mass of the 
disc is m. 

Answer: 

When the conducting disc is placed at the centre of the bottom plate, the potential of the disc is equal to the 
potential of the plate. The electric field on the disc 1s given as 


E=V/d 
The charge q’ is transferred to the disc which is given as 
q’? =-& V/d ar 


The force acting on the disc is 
F = & V*/d? ar’ 
Therefore, V = square root of mdg/ x gor” 


2.28. a) In a quark model of elementary particles, a neutron is made of one up quarks and two down 
quarks. Assume that they have a triangle configuration with side length of the order of 10-° m. Calculate 
electrostatic potential energy of neutron and compare it with its mass 939 MeV. 


b) Repeat above exercise for a proton which is made of two up and one down quark. 

Answer: 

There are three charges in the system. The potential energu of the system is equal to the sum of PE of each pair. 
U = 1/47 €0 {qaqa/rt — quqa/t — quqa/r} 

Substituting the values we get, 

U=5.11 10" 


2.29. Two metal spheres, one of radius R and the other of radius 2R, both have same surface charge density 
o. They are brought in contact and separated. What will be new surface charge densities on them? 

Answer: 

Following are the charges on the metal sphere before contact 

Q; = 7.47R? 

Q> = 0.4n(2R)” = 4Q, 

Q,’ and Q>»’ are the charges on the metal sphere after contact 

Qr’ + Qo’ = Qi + Q2 =5Q1 


When the metal spheres are in contact, following is the potentials acquired by them 


Qi’ =Qr'/2 

Solving the equations we 
61=50/3 

02=5 06/6 


2.30. In the circuit shown in the figure, initially K; is closed and K2 is open. What are the charges on each 
capacitors. Then Ki was opened and K2 was closed. What will be the charge on each capacitor now? 
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Answer: 


Cand C, are in series 


When K, 1s closed and Kz is open, the capacitors C; and C2 are connected in series with the battery 
Therefore, the charge in capacitors C; and C2 are 


C,and C, are in parallel 


E-9V 
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When the capacitors C2 and C3 are placed in parallel, 
CV’? +O3V’ =Q) 
VW= Q./C +C3=3V 


Therefore, 

Q.’ = 3CV’ =9 uC 
Q3;’ = 3CV’ = uC 
Q,’? = 18 uC 


2.31. Calculate potential on the axis of a disc of radius R due to a charge Q uniformly distributed on its 
surface. 
Answer: 


dA = 2 nrar 


In the above figure we can see that the disc is divided into a number of charged rings. Let P be the point on the 
axis of the disc at a distance x from the centre of the disc. 

The radius of the ring is r and width is dr. dq is the charge on the ring which 1s given as 

dg = odA = o2nrdr 

The potential is given as 


| dq _ | (e2nrdr) 


dV = 


The total potential at P is given as 
Q/2me0R? (VR? + x? —x) 


2.32. Two charges qi and q2 are placed at (0, 0, d) and (0, 0, -d) respectively. Find locus of points where the 
potential a zero. 
Answer: 


We know that the potential at point P is V = >V; 

Where Vj = qi/47€0, rj is the magnitude of the position vector P 

V = 1/4 neE0 me Gi/Tpi 

When (x,y,z) plane is considered, the two charges lie on the z-axis and is separated by 2d. The potential 1s given 
as 


Squaring the equation, we get 

x° + y? + 2° + [(qi/qny’+1/(qi/qo)-1] (2zd)+d?-0 
or the equation of sphere is 

x+y? + 2° + 2ux + 2uy + 2wz+g=0 

Centre of the sphere 1 is 


(0. 0. 4g + By 
qi — 9 


And radius is 


2q1q2d 
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2.33. Two charges —q each are separated by distance 2d. A third charge +q is kept at mid point O. Find 
potential energy of +q as a function of small distance x from O due to —q charges. Sketch PE versus x and 
convince yourself that the charge at O is in an unstable equilibrium. 

Answer: 
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In the above figure, +q is the charge that got displaced from O towards (-d,0). 
This is written as 


— q —q 
— — — 
4reg(d—2z) d+zx 


U=q(Y+Va) =¢q 


| pad 


= | 
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Atx =0 


l q° 
Ui = a 
27€0 dl 


Differentiating the equation with respect to x, we get 

When x < 0, dU/dx > 0 

And when x > 0, dU/dx < 0 

Using this we can define, charge on particle to be F = -dU/dx 
F = -dU/dx = 0 

When 

d°U/dx’ = positive, equilibrium is stable 


d°U/dx’ = negative, equilibrium 1s unstable 

d°U/dx’ = 0, equilibrium is neutral 

Therefore, when x = 0, d?U/dx? = (-2dq?/4m0)(1/d°)(2d’) < 0 
Which shows that the system is unstable equilibrium. 
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We are thrilled to introduce the School of Educators WhatsApp Group, a 
platform designed exclusively for educators to enhance your teaching & Learning 
experience and learning outcomes. Here are some of the key benefits you can 
expect from joining our group: 


BENEFITS OF SOE WHATSAPP GROUPS 
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e Abundance of Content: Members gain access to an extensive repository of 
educational materials tailored to their class level. This includes various formats such 
as PDFs, Word files, PowerPoint presentations, lesson plans, worksheets, practical 
tips, viva questions, reference books, smart content, curriculum details, syllabus, 
marking schemes, exam patterns, and blueprints. This rich assortment of resources 
enhances teaching and learning experiences. 


e Immediate Doubt Resolution: The group facilitates quick clarification of doubts. 
Members can seek assistance by sending messages, and experts promptly respond 
to queries. This real-time interaction fosters a Supportive learning environment 
where educators and students can exchange knowledge and address concerns 
effectively. 


e Access to Previous Years' Question Papers and Topper Answers: The group 
provides access to previous years' question papers (PYQ) and exemplary answer 
scripts of toppers. This resource is invaluable for exam preparation, allowing 
individuals to familiarize themselves with the exam format, gain insights into scoring 
techniques, and enhance their performance in assessments. 


Free and Unlimited Resources: Members enjoy the benefit of accessing an array of 
educational resources without any cost restrictions. Whether its study materials, 
teaching aids, or assessment tools, the group offers an abundance of resources 
tailored to individual needs. This accessibility ensures that educators and students 
have ample support in their academic endeavors without financial constraints. . 


Instant Access to Educational Content: SOE WhatsApp groups are a platform where ~ 
teachers can access a wide range of educational content instantly. This includes study 
materials, notes, sample papers, reference materials, and relevant links shared by 


group members and moderators. 


Timely Updates and Reminders: SOE WhatsApp groups serve as a source of timely 
updates and reminders about important dates, exam schedules, syllabus changes, and 
academic events. Teachers can stay informed and well-prepared for upcoming 
assessments and activities. 


Interactive Learning Environment: Teachers can engage in discussions, ask questions, 
and seek clarifications within the group, creating an interactive learning environment. 
This fosters collaboration, peer learning, and knowledge sharing among group 
members, enhancing understanding and retention of concepts. 


Access to Expert Guidance: SOE WhatsApp groups are moderated by subject matter 
experts, teachers, or experienced educators can benefit from their guidance, 
expertise, and insights on various academic topics, exam strategies, and study 
techniques. 


Join the School of Educators WhatsApp Group today and unlock a world of resources, 
support, and collaboration to take your teaching to new heights. To join, simply click 
on the group links provided below or send a message to +91-95208-77777 expressing 
your interest. 


Together, let's empower ourselves & Our Students and 
inspire the next generation of learners. 


Best Regards, 
Team 
School of Educators 
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Groups Rules & Regulations: 
To maximize the benefits of these WhatsApp groups, follow these guidelines: 


1. Share your valuable resources with the group. 

2. Help your fellow educators by answering their queries. 

3. Watch and engage with shared videos in the group. 

4. Distribute WhatsApp group resources among your students. 
5. Encourage your colleagues to join these groups. 


Additional notes: 
1. Avoid posting messages between 9 PM and 7 AM. 
2. After sharing resources with students, consider deleting outdated data if necessary. 
3. It's a NO Nuisance groups, single nuisance and you will be removed. 
e No introductions. 
e No greetings or wish messages. 
e No personal chats or messages. 
e No spam. Or voice calls 
e Share and seek learning resources only. 


Please only share and request learning resources. For assistance, 
contact the helpline via WhatsApp: +91-95208-77777. 


Join Premium WhatsApp Groups 
Ultimate Educational Resources!! 


Join our premium groups and just Rs. 1000 and gain access to all our exclusive 
materials for the entire academic year. Whether you're a student in Class IX, X, XI, or 
XII, or a teacher for these grades, Artham Resources provides the ultimate tools to 
enhance learning. Pay now to delve into a world of premium educational content! 


Click here for more details 
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@ Don't Miss Out! Elevate your academic journey with top-notch study materials and secure 
your path to top scores! Revolutionize your study routine and reach your academic goals with 
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